
AFWAL-TR-88-31 01

Automated Structural
Optimization System (ASTROS)
User Training Workshop

E.H. Johnson
o D.J. Neill

Northrop Corporation
O Aircraft Division

Hawthorne, CA 90250-3277

cej D.L. Herendeen
Universal Analytics, Inc.

I Playa del Rey, CA 90293-8495

( R.A. Canfield
U.S. Air Force
Wright-Patterson AF-1B. OH 45433-6523

March 1989

Final Report for the Period July 1983 to June 1988

Approved for public release; distribution is unlimited.

Flight Dynamics Laboratory D I
Wright Research and Development Center ELECTE
Air Force Systems Command AP*,4 1989
Wright-Patterson AFB, OH 45433-6523



t *

NOTICE

WHEN GOVERNMENT DRAWINGS, SPECIFICATIONS, OR OTHER DATA ARE
USED FOR ANY PURPOSE OTHER THAN IN CONNECTION WITH A DEFINITELY
GOVERNMENT-RELATED PROCUREMENT, THE UNITED STATES GOVERNMENT
INCURS NO RESPONSIBILITY OR ANY OBLIGATION WHATSOEVER, THE FACT
THAT THE GOVERNMENT MAY HAVE FORMULATED OR IN ANY WAY SUPPLIED
THE SAID DRAWINGS, SPECIFICATIONS, OR OTHER DATA, IS NOT TO BE
REGARDED BY IMPLICATION, OR OTHERWISE IN ANY MANNER CONSTRUED, AS
LICENSING THE HOLDER, OR ANY OTHER PERSON OR CORPORATION; OR AS
CONVEYING ANY RIGHTS OR PERMISSION TO MANUFACTURE, USE, OR SELL
ANY PATENTED INVENTION THAT MAY IN ANY WAY BE RELATED THERETO.

THIS REPORT HAS BEEN REVIEWED BY THE OFFICE OF PUBLIC
AFFAIRS (ASD/CPA) AND IS RELEASABLE TO THE NATIONAL TECHNICAL
INFORMATION SERVICE (NTIS). AT NTIS, IT WILL BE AVAILABLE TO THE
GENERAL PUBLIC, INCLUDING FOREIGN NATIONS.

THIS TECHNICAL REPORT HAS BEEN REVIEWED AND IS APPROVED FOR
PUBLICATION,

ROBERT A. CANFIELD(,Capt, USAF NELSON D. WOLF, Technical/ anager
Project Engineer Design and Analysis Meth ds Group
Design and Analysis Methods Group Analysis and Optimization Branch

FOR THE COMMANDER

40HN . C, Chief

Analysis and Optimization Branch

IF YOUR ADDRESS HAS CHANGED, IF YOU WISH TO BE REMOVED FROM
OUR MAILING LIST, OR IF THE ADDRESSEE IS NO LONGER EMPLOYED BY

YOU ~~AN IATION PLEASE NOTIFY WDRC.LIBm. WRIGHT-PATTERSON AFBf
OH 45433 _65 3 TO HELP US MAINTAIN A CURRENT MAILING LIST,

COPIES OF THIS REPORT SHOULD NOT BE RETURNED UNLESS RETURN
IS REQUIRED BY SECURITY CONSIDERATIONS, CONTRACTUAL OBLIGATIONS,
OR NOTICE ON A SPECIFIC DOCUMENT.



UNCLASSIFIED
IIIITY CLASSIFICATION OF THIS PAGE, ,

Form Approved
REPORT DOCUMENTATION PAGE OMB No. 0704-0188

Is. REPORT SECURITY CLASSIFICATION lb. RESTRICTIVE MARKINGS

UNCLASSIFIED
2a. SECURITY CLASSIFICATION AUTHORITY 3. DISTRIBUTION/AVAILABILITY OF REPORT

2Approved for public release;
2b. OECLASSIFICATION/DOWNGRADING SCHEDULE distribution i s unl imi ted

4. PERFORMING ORGANIZATION REPORT NUMBER(S) S. MONITORING ORGANIZATION REPORT NUMBER(S)

AFWAL-TR-88-3101

ga. NAME OF PERFORMING ORGANIZATION 6 . OFFICE YMBOL 7s. NAME OF MONITORING ORGANIZATION
Northrop Corporation (Ifappicable) Flight Dynamics Laboratory (WDRC/FIBR)
Aircraft Division 3854/82 Wright Research and Development Center

dc. ADDRESS (City, State, and ZiP Code) 7b. ADDRESS (Cty, State, and ZIP Code)

Hawthorne, California 90250-3277 Wright-Patterson Air Force Base, Ohio
45433-6523

Ia. NAME OF FUNDING/ SPONSORING 8b. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION (If applicable)

I _F33615-83-C-3232
Sc. ADDRESS (City, State, and ZIP Cod*) 10. SOURCE OF FUNDING NUMBERS

PROGRAM PROJECT TASK WORK UNIT
ELEMENT NO NO. NO ACCESSION NO.

62201F 2401 02 57
11. TITLE (Include Securly Claesificatlon)

AUTOMATED STRUCTURAL OPTIMIZATION SYSTEM (ASTROS) USER TRAINING WORKSHOP

12. PERSONAL AUTHOR(S)
Johnson, E. H., Neill, D.J., Herendeen, D. L., and Canfield, R. A.

13a. TYPE OF REPORT 13b. TIME COVERED 14, DATE OF REPORT (Year, Month, Day) 15. PAGE COUNT
FINAL FROM 7/83 TOj 1989 , March 430

16. SUPPLEMENTARY NOTATION

17. ,COSATI CODES 18. SUBJECT TERMS (Continue on reverse If necessary and identify by block number)
FIELD GROUP SUB-GROUP AUTOMATED DESIGN, STRUCTURAL ANALYSIS, MULTIDISCIPLINARY
01 003 ANALYSIS, FLUTTER ANALYSIS, DYNAMIC ANALYSIS

. 0 C Ci01 n 03 i
T ABSTRACT (Continue on reverse If necessary and Identify by block number)
he ASTROS (Automated Strucutral Optimization System) procedure provides multidisciplinary

analysis and design capability for aerospace structures. The engineering analysis capabili-
ties in the system include structural analysis (static and dynamic), aeroelastic analysis
(static and dynamic) and automated design. A specifically designed data base and executive
system were implemented to maximize the system's efficiency, flexibility, and maintainabilit
The charts used in the ASTROS User Training Workshop, conducted by the Air Force and Northro
are presented in this report.

. ,. - . - . t

20. DISTRIBUTION /AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION
rUNCLASSIFIEDUNLIMITED C3 SAME AS RPT. C3 DTIC USERS UNCLASSIFIED

22a. NAME OF RESPONSIBLE INDIVIDUAL 22b. TELEPHONE (Include Area Code) 22c OFFICE SYMBOL
Cant R, A. Canfield (513) 255-6992 WRDC/FIBRA
D Form 1473, JUN 8 Pre vous edIt/onsare obsolete. SECURITY CLASSIFICATION OF THIS PAGE

UNCLASSIFIED



FOREWORD

Contract F33615-83-C-3232, entitled "Automated Strength-Aeroelastic Design of

Aerospace Structures," was initiated by the Analysis and Optimization Branch (FDSR)

of the Air Force Wright Aeronautical Laboratories. The objective of this contract was to

develop a computer procedure which can assist significantly in the preliminary automated

design of aerospace structures. This report consists of materials used at the ASTROS User

Workshop.

Northrop Corporation, Aircraft Division, was the primary contractor for this program

with Universal Analytics. Inc. (UAI) and Kaman AviDyne acting as subcontractors. The

principal contributors to this report were: E. H. Johnson, the overall Program Manager

at North:op D. J. Neill, Project Co-Principal investigator, D. L. Herendeen, the Project

Manager at UAI, and R. A. Canfield, the Air Force Project Engineer.

Capt R. A. Canfield was the Air Force Project Manager while Dr V. B. Venkayya

initiated the program at the Air Force and provided overall program direction. Th_ work

reported on in this report was performed from 01 July 1983 through 24 June 1988.

The authors would like to acknowledge those who acted as instructors at the ASTROS

User Training Workshop held at Wright-Patterson AFB from 20 June to 24 June, 1988:

Capt Robert Canfield Flight Dynamics Laboratory
Mr Mark French Flight Dynamics Laboratory
Mr David Ferguson ASD Computer Center

Mr David Herendeen Universal Analytics, Inc. eoP )

Dr Erwin Johnson Northrop
Mr Raymond Kolonay Flight Dynamics Laboratory
Mr Doug Neill Northrop
Lt Bruce Snyder Flight Dynamics Laboratory
Mr Richard Swift Universal Notre Dame Aceession For
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Mr Les Whitford ASD Computer Center
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ICW Strength & Flutter Design
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ICW Strength & Flutter Design

Ply Counts for the -450 Laminate
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ASTROS User Training Workshop
Problem Set Definitions

Problem Set #1: Space Truss
1-1: Modal Analysis using Guyan and Generalized Dynamic Reduction
1-2: Optimization for first two Natural Frequencies

Problem Set #2: Rectangular Wing
2-1: Static Analysis for Tip Load
2-2: Optimization for Stress constraints
2-3: Optimization for Stress constraints with Shape Functions
2-4: Static Analysis with Inertia Relief
2-5: Aeroelastic Trim for Wing in Straight, Level Flight
2-6: Aeroelastic Trim for Wing-Tail combination in Pull-up maneuver
2-7: Aeroelastic Analysis for Roll maneuver
2-8: Optimization for Stress and Tip Twist
2-9: Optimization for Stress, Tip Twist, and Lift Effectiveness
2-10: Optimization for Stress, Tip Twist, Lift and Aileron Effectiveness

Problem Set #3: Cantilvered Plate
3-1: Static and Modal Analyses
3-2: Transient Analysis
3-3: Subsonic and Supersonic Flutter Analysis

Problem Set #4: Swept Wing
4-1: Static Analysis for Gravity Load
4-2: Modal Analysis
4-3: Optimization for Stress and Frequency constraints
4-4: Subsonic Flutter Analysis
4-5: Supersonic Air Loads

Problem Set #5: Plane Frame
5-1: Optimization of 40 member Plane Frame for Stress and Displacement Constraints

Workshop Requirement is to complete 10 of the above 21 problems,
includirg at least one from each problem set.
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ASTROS User Training Workshop

Problem Set #1: ACOSS Space Truss

The Active Control Of Space Structures (ACOSS) model II was developed by the Charles Stark
Draper Laboratory. The structure consists of two subsystems: (1) the optical support structure
and (2) the equipment section. The two are connected by springs at three points to allow
vibration isolation (Figure 1-1). For this problem set disregard the equipment section at the base
and consider the optical support structure fixed at the three connection points. The finite element
model for this modified ACOSS II (Figure 1-2) has 33 nodes (90 degrees of freedom), 18
concentrated masses, and 113 rod elements made of graphite epoxy given (Table 1-I) with initial
areas of 10.0 in2 for the truss members. The grid points, masses, and element connectivities are
given in attachment 1.

For this initial design the first three frequencies of the modified ACOSS II truss are: 1.21, 2.71,
and 4.21 hz.

1-1) Verify the first three frequencies. Compare Guyan Reduction (omit degrees of freedom
for nodes without concentrated masses) to Generalized Dynamic Reduction for
reducing the size of the problem before applying Givens method.

1-2) Design the truss for minimum weight while raising the fundamental frequency to 2 hz
and maintaining at least a 1 hz separation of the fundamental mode from the remaining
modes. Use a minimum gage size of 0.01 in2 for the truss elements. What are the first
three frequencies and weight for the final design?

Young's Modulus 18.5 x 106 psi

Weight Density 0.055 lb/in 3

Table 1-1: Material Properties for Epoxy

ACOSS Space Truss Problem Set #1
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EQUIPMENT SECTION

Figure 1-1: ACOSS Model HI

ACOSS Space Truss 31Problem Set#1



* Lumped mass location
----Added support rods

Figure 1-2: Finite Element Model for Modified ACOSS HI
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ASTROS User Training Workshop

Problem Set #2: Rectangular Wing

Structural Wing Box Model

A simple three-spar rectangular wing box is shown in Figure 2-1. The semi-span is 60" and the
chord of the structural box (distance from front to rear spar) is 20". A 200 lb concentrated mass
with a moment of inertia about the span axis of 22,500 lb-in2 at the root of the front spar
represents the fuselage mass. The wing is made of aluminum (material properties given in Table
2-1). The structural box is modeled using quadrilateral membrane elements for the cover skins,
shear panels for the spars and ribs, and rod elements for the vertical posts (cross-sectional
properties given in Table 2-2).

Figure 2-1: Rectangular Wing Structural Box

Young's Modulus 10.0 x 106 psi

Poisson's Ratio 0.3
Weight Density 0.1 lb/in3

Tensile Strength 20.0 ksi

Compressive Strength 15.0 ksi

Shear Strength 12.0 ksi

Table 2-1: Material Properties for Aluminum

Rectangular Wing Problem Set #2
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Membrane Thicknesses 0.20 in

Shear Thicknesses 0.05 in

Rod Areas 0.01 in2

Table 2-2: Cross-Sectional Properties

2-1) Perform a static analysis of the wing when it is subjected to 100 lb load applied
vertically at each of the six grid points at the wing tip. Consider the wing cantilevered
at the root. Find the displacements of each grid point and the stresses in the cover skins.

Design Model

Use design variable linking to define four design variables that control the thicknesses of the
eight cover skin membrane elements. Each design variable controls a group of two membrane
elements, one fore and one aft, so the design variables control the (1) outboard upper skin, (2)
outboard lower skin, (3) inboard upper skin, and (4) inboard lower skin. The spars, ribs, and
posts remain fixed (are not designed).

2-2) Optimize the structural weight of the cover skins subject to stress constraints (Table 2-
1) on the cover skins only. Find the optimum weight and design variable values for the
boundary conidtion and static mechanical load given in problem 2-1.

2-3) Repeat problem 2-2 using shape function design variable linking. Use a constant
thickness (initially 0.1") and a spanwise linear shape (initially 0.075" inboard and
0.025" outboard) for each of the upper and lower skins (4 design variables).

2-4) Perform a static analysis of the wing with inertia relief for the static load given in
problem 2-1. Use multipoint constraints to rigidly connect the six grid points at the
wing root to the root of the center spar midway between the top and bottom skins. The
fuselage mass is associated with this "aerodynamic reference point" with an offset to
locate it at the mid-surface of the front spar. Support the aerodynamic reference point
in vertical translation (plunge) and find the displacements and accelerations.

Steady Aerodynamic Panel Model-Wing

The aerodynamic planform (Figure 2-2) for the wing has a 30" chord and 60" semi-span. The
structural box's front and rear spar are located at the 13.33% and 80% chord locations,
respectively. The aerodynamic box pattern shown in Figure 2-2 has four chordwise cuts at 0%,
20%, 80%, and 100% of the chord and five equal spanwise cuts. The airfoil shape given in Table
2-3 is for a symmetric airfloil (no camber) with a leading edge radius of 1.667%g. An aileron is
defined by the two outboard trailing edge boxes of the wing.

2-5) Find the trimmed angle of attack, displacements, and accelerations for symmetric level
flight (1g load factor) at Mach 0.8 and a dynamic pressure of 6.5 psi. Use the wing only
and spline the aerodynamic boxes to the upper sufurface structural grid points.
Compare the lift coefficient to the theoretical value for a thin airfoil wing.

Rectangular Wing Problem Set #2
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loll FRONT SPAR

2001b WEIGHT 1320% 
CUT(FUSELAGE)

1REAR SPAR

AERODYNAMIC AND 80%- CUT
REFERENCE POINT

4 CUTS a 15" 60" AILERON

so,, ASPECT RATIO 4,0

20% CUT

15",

I 10",

2 C UT 
80% C U T

x 4)10" =20" ELEVATOR

Figure 2-2: Aerodynamic Planform for Rectangular Wing
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Chord station Half thickness

0. 0.

10. 1.667

25. 1.667

50. 1.667

80. 1.667

100. 0.

Table 2-3: Airfoil Shape (all units in % chord)

Steady Aerodynamic Panel Model-Tail

The trailing edge of the elevator in figure 1 is 80" from the aerodynamic reference point (center
spar). It's root chord is 15", its tip chord is 10", and its semi-span is 20". The aerodynamic box
pattern for the horizontal tai. shown in Figure 2-2 (3 equal spanwise cuts, and 4 chordwise cuts
at 0%, 20%, 80%, and 100% of the chord). The thickness distribution is the same as for the wing
as given in Table 2 with a leading edge radius of 1% An elevator is defined by the two trailing
edge boxes on the tail.

2-6) For the wing-tail combination find the trimmed angle of attack, elevator deflection, and
tip displacement for a symmetric 8g pull-up maneuver defined by the flight condition in
Table 2-4. Trim the aircraft for lift and pitching moment. Support the structural model
for pitch and plunge rigid body modes.

Mach number 0.8
Dynamic Pressure 6.5 psi

Pitch Rate 15.7 deg/sec

Velocity 487.4 knots

Table 2-4: Flight Condition

2-7) Find the rigid and flexible stability derivatives for an anti-symmetric roll maneuver
using the flight condition in Table 2-4.

For the following problems optimize the structure using the design variables for problem 2-2.
For the final design in problems 2-8 through 2-10 find the values of constraints not imposed
during that optimization. Which constraint(s) are critical in driving the design?

2-8) Optimize the structure for the symmetric 8g pull-up of problem 2-6. Impose stress
constraints (Table 2-1) on the skins and a maximum tip rotation of 1 degree. Subtract
the rotation of the support point from the relative rotation of the tip to calculate the pure
elastic twist of the tip.

2-9) Repeat problem 2-8 with the addition of maximum lift effectiveness of 1.60.

2-10) Repeat problem 2-9 with the addition of a minimum aileron effectiveness of 0.30 for
the anti-symmetric roll maneuver of problem 2-7.

Rectangular Wing Problem Set #2
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Figure 2-3: Wing Airfoil Section
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ASTROS User Training Workshop

Problem Set #3: Cantilevered Plate

Structural Plate Model

The cantilevered aluminum plate in Figure 3-1 is a parallelogram (constant chord, no taper)
swept 150 with a uniform thickness of 0.041". The tip is 5.52" from the cantilevered root and the
unswept width (chord) is 2". The material properties are given in Table 3-1. The finite element
model consists of a course 3x5 mesh.

M e2 1eb=5.52"
f ....... ........ ........

Ta r f1.48"

" 3.55"

/ c=2"

CatFiguree Plate Problemee Seta#3

398 1

Poisson'sRatio00.3

Mass Density 2.59 x 10-4 lb-sec2/in 4

Table I-Material Properties for Magnesium

3-1 ) Perform a static analysis to determine the displacement$- for a unit moment applied at
the one-third chord location of the tip. Next find the first three natural modes.

3-2) Determine the transient response in the time domain for the time-dependent load given
in Figure 3-2 applied at the two free corners of the plate in the transverse direction.

Cantilevered Plate Problem Set #3
398



Time Dependent Load Applied to Plate

1.0-

0.5

0 1 2 3 4 5

Time (sac)

Figure 3-2: Time Dependent Load for Cantilvered Plate

Unsteady Aerodynamic Model

An unsteady aerodyanmic model consists of 5 spanwise and 10 chordwise aerodynamic boxes,
equally distributed over the planform defined by Figure 3-1.

3-3) Determine the flutter speed for the subsonic and supersonic flight conditions defined in
Table 3-2.

Mach number 0.45 3.0

Air Density Ratio 0.9676 0.3913

Reference Density 11.46 x 10-6 lb-sec 2/in 4  11.46 x 10-6 lb-sec 2/in 4

Table 3-2--Flight Condition

Cantilevered Plate Problem Set #3
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ASTROS User Training Workshop
Problem Set #4: Swept Wing

Structural Wing Box Model

The planform for a swept wing in Figure 4-1 shows the top skin of a structural model. The
structural model divides the structural box into six equally spaced spanwise bays and two equal
chordwise segments. The skins on both the upper and lower surface are modeled as
isoparametric quadrilateral membrane elements. The ribs and spars are modeled using shear
panels with rod elements for the spar caps. Rod elements are also used as posts connecting all
upper and lower surface nodes. This results in 57 rod elements, 24 quadrilateral membrane
elements, and 32 shear panels. The material properties are given in Table 4-1, cross-sectional
properties in Table 4-2. The six nodes at the wing root are fixed (cantilvered).

4-1) Perform a statics analysis for a 4g vertical gravity load and find the displacements and
stresses.

4-2) Perform a modal analysis to determine the first five normal modes of the structure..

Design Model

The design model consists the sizes of the skins, spar webs, spar caps, and wing ribs. Use design
variable linking to couple elements in each of three spanwise segments of the structure (12
design variables).

4-3) Optimize the structural box (excluding posts) subject to stress constraints on the wing
skins (24 constraints) for the 4g gravity load and a 1.5 hz lower bound frequency
constraint on the first bending mode.

Swept Wing Problem Set #4
400



Root
(0, 0, 10.04)

(145.7,0 0,10.04)

(320.9, 700, 5.9)

(404.7, 700, 5.9)

Figure 4-1-Top Surface for Swept Wing

Young's Modulus 10.0 x 106 psi

Poisson's Ratio 0.3

Weight Density 0. 1 lb/in3

Tensile Strength 60.0 ksi

Compressive Strength 50.0 ksi

Shear Strength 30.0 ksi

Table 4-1: Material Properties for Aluminum
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Skin Thicknesses 0.16 in

Rib Shear Thicknesses 0.16 in

Spar Shear Thicknesses 0.32 in

Post Rod Areas 0.3 in2

Spar Cap Rod Areas 2.0 in2

Table 4-2: Cross-Sectional Properties

Aerodynamic Models

The planform for aerodynamic and structural models are shown together in Figure 4-2. Both the
steady and unsteady aerodynamic models represent the wing as a flat plate with 50 boxes per
surface. The unsteady model has ten equally spaced spanwise boxes and five chordwise boxes,
while the steady model has its chordwise boxes spaced in a cosine distribution (xi = C[l-
cos(ip/5)]/2). The steady model has a horizontal stabilizer to enable trim for both lift and
pitching moment. Like the wing, the tail is represented as a flat plate with ten equally spaced
spanwise boxes and five chordwise boxes distributed using a cosine distribution. The last two
boxes in each chordwise strip are used to represent an elevator. No structure is associated with
this tail panel. Both aerodynamic wing models transfer the forces to the structural nodes on the
upper surface of the structural box with a linear surface spline. The tail forces for the steady
aerodynamic model are rigidly transferred to the center root of the structural box.

4-4) For flight condition 1 in Table 4-3 (Mach 0.8 at sea level) and the strucutral design
point given in Table 4-2 determine whether the wing flutters.

4-5) For flight condition 2 in Table 4-3 (Mach 1.25 at 25,000 feet), find the trimmed angle
of attack and elevator deflection for a symmetric 4g pull-up maneuver.

Flight Condition 1 (unsteady) 2 (steady)

Mach number 0.8 1.25

Load Factor 1.og 4.Og

Elevation 0. ft 25.0 x 103 ft

Air Density Ratio 1.0 0.4486

Dynamic Pressure 5.959 psi

Velocity 530.0 knots 752.6 knots

Pitch Rate 4.3540 /sec

Table 4-3: Flight Conditions
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24.3

505.8 .

700.0 • 83.-B

A Semifuselage trim weight,
216. YY 30i,001b:

3. 0yy 3 b-in
2

30 0 40 lb nonstructural mass
150.0 0 80 lb nonstructural mass

L .o

T ROOT DEPTH OF 20.08 in
TIP DEPTH OF 11.80 in

Figure 4-2: Model Geometry for Swept Wing
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ASTROS User Training Workshop
Problem Set #5: Forty Member Plane Frame Optimization

The forty member plane frame shown in Figure 5-1 is subjected to the three independent loading
conditions described below:

Loading condition 1:

Distributed vertical load () direction) of 2.4 kips/ft on the intermediate levels and 1.4 kips/ft at
the top level. These distributed loads are approximated by nodal forces (25% of the distributed
loads at the end points and 50% at the mid span).

Loading condition 2:

Horizontal forces from the left as shown in figure 5-1 (solid arrows) plus 75% of loading
condition 1.

Loading condition 3:

Horizontal forces from the left as shown in figure 5-1 (dashed arrows) plus 75% of loading
condition 1.

Using design variable linking define 20 design variables in which the two horizontal beams at
each level are grouped into one variable and similarly the the two vertical members at each level
are grouped into one variable. The material properties and the intial design variables are given in
Table 5-1.

Design Problem: Optimize the structure for minimum weight subjected to horizontal
displacement constraints of +2" and -2 inches at the top level of the structure. The relation
between the cross-sectional areas and the moment of inertia are given by I = 4.62 A2 . Initial
cross-sectional areas for all bars are 30 in2 . Due to symmetry of the frame there are only two
independent loading conditions in view of the design variable linking.

Young's Modulus 29.0 x 106 psi

Poisson's Ratio 0.3

Weight Density 0.283 lb/in 3

Table 5-1: Material Properties for Steel

40 Member Plane Frame Problem Set #5
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Attachment I
Space Truss Finite Element Bulk Data

$

$ Modified ACOSS II Finite Element Bulk Data
$
$ Coordinates
$
SPC1, 18, 123, 3, 4, 6
GRDSET,,,,, ,, 456

GRID 1 -275.591 0.000 0.000

GRID 2 -157.480 196.850 0.000

GRID 3 -157.480-196.850 0.000

GRID 4 0.000 196.850 0.000

GRID 5 157.480 196.850 0.000

GRID 6 157.480-196.850 0.000

GRID 7 275.591 0.000 0.000

GRID 8 -275.591 0.000 78.740

GRID 9 -157.480 196.850 78.740

GRID 10 -157.480-196.850 78.740

GRID 11 157.480 196.850 78.740

GRID 12 157.480-196.850 78.740

GRID 13 275.591 0.000 78.740

GRID 14 -236.220 0.000 472.441

GRID 15 -157.480 157.480 472.441

GRID 16 -157.480-157.480 472.441

GRID 17 157.480 157.480 472.441

GRID 18 157.480-157.480 472.441

GRID 19 236.220 0.000 472.441

GRID 20 -196.850 0.000 866.142

GRID 21 -157.480 118.110 866.142

GRID 22 -157.480-118.110 866.142

GRID 23 157.480 118.110 866.142
GRID 24 157.480-118.110 866.142

GRID 25 196.850 0.000 866.142

GRID 26 -157.480 393.701 866.142

GRID 27 157.480 393.701 866.142
GRID 28 -157.480-393.701 866.142

GRID 29 157.480-393.701 866.142
GRID 30 -157.480 118.110 944.882

GRID 31 -157.480-118.110 944.882

GRID 32 157.480 118.110 944.882

GRID 33 157.480-118.110 944.882
$
$ Elements.
$
CROD 1 10001 1 2

CROD 2 10001 1 3
CROD 3 10001 2 3

CROD 4 10001 2 4

CROD 5 10001 3 4

CROD 6 10001 4 5

CROD 7 10001 4 6

COD 8 10001 3 6
CROD 9 10001 5 6
CROD 10 10001 5 7
CROD 11 10001 6 7

CROD 12 10001 1 8

ACOSS bulk data Attachment 1
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CROD 13 10001 2 9
CROD 14 10001 3 10
CROD 15 10001 5 11
CROD 16 10001 6 12
CROD 17 10001 7 13
CROD 18 10001 3 8
CROD 19 10001 2 8
CROD 20 10001 3 9
CROD 21 10001 4 9
CROD 22 10001 4 11
CROD 23 10001 5 12
CROD 24 10001 5 13
CROD 25 10001 6 13
CROD 26 10001 3 12
CROD 27 10001 6 10
CROD 28 10001 8 9
CROD 29 10001 8 10
CROD 30 10001 9 10
CROD 31 10001 9 12
CROD 32 10001 10 11
CROD 33 10001 9 11
CROD 34 10001 10 12
CROD 35 10001 11 12
CROD 36 10001 11 13
CROD 37 10001 12 13
CROD 38 10001 14 15
CROD 39 10001 14 16
CROD 40 10001 15 16
CROD 41 10001 17 18
CROD 42 10001 17 19
CROD 43 10001 18 19
CROD 44 10001 8 14
CROD 45 10001 10 14
CROD 46 10001 10 16
CROD 47 10001 9 16
CROD 48 10001 9 15
CROD 49 10001 11 17
CROD 50 10001 8 15
CROD 51 10001 11 18
CROD 52 10001 12 18
CROD 53 10001 12 19
CROD 54 10001 13 19
CROD 55 10001 13 17
CROD 56 10001 14 20
CROD 57 10001 14 22
CROD 58 10001 16 22
CROD 59 10001 16 21
CROD 60 10001 15 21
CROD 61 10001 15 20
CROD 62 10001 17 23
CROD 63 10001 18 23
CROD 64 10001 18 24
CROD 65 10001 19 24
CROD 66 10001 19 25
CROD 67 10001 17 25
CROD 68 10001 15 26
CROD 69 10001 16 28
CROD 70 10001 17 27

ACOSS bulk data Attachment 1
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CROD 71 1000! 18 29
CROD 72 10001 20 21
CROD 73 10001 20 22
CROD 74 10001 21 22
CROD 75 10001 23 24
CROD 76 10001 23 25
CROD 77 10001 24 25
CROD 78 10001 21 23
CROD 79 10001 21 24
CROD 80 10001 22 24
CROD 81 10001 21 30
CROD 82 10001 22 31
CROD 83 10001 24 33
CROD 84 10001 23 32
CROD 85 10001 23 30
CROD 86 10001 21 31
CROD 87 10001 22 33
CROD 88 10001 24 32
CROD 89 10001 30 31
CROD 90 10001 31 33
CROD 91 10001 32 33
CROD 92 10001 30 32
CROD 93 10001 31 32
CROD 94 10001 20 26
CROD 95 10001 21 26
CROD 96 10001 21 27
CROD 97 10001 23 27
CROD 98 10001 25 27
CROD 99 10001 26 27
CROD 100 10001 20 28
CROD 101 10001 22 28
CROD 102 10001 24 28

CROD 103 10001 24 29
CROD 104 10001 25 29
CROD 105 10001 28 29
CROD 106 10001 26 30
CROD 107 10001 27 32
CROD 108 10001 28 31

CROD 109 10001 29 33
CROD 110 10001 20 31
CROD il1 10001 20 30
CROD 112 10001 25 33
CROD 113 10001 25 32
$

$ Properties and materials.
$

PROD 10001 1 10.0
MAT1 1 1.85E+7 9.25E+6 0.00000 .000142 0.00000 0.00000 0.00000+MT
+MT 1 3.OOE+4 3.OOE+4
$
$ Non-structural masses.

$
CONM2, 9, 9, , 2.855
CONM2, 10, 10, , 2.855
CONM2, 11, 11, , 2.855
CONM2, 12, 12, , 2.855
CONM2, 14, 14, , 0.046
CONM2, 15, 15, , 0.097

ACOSS bulkdata Attachmentl1
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CONM2, 16, 16, , 0.097
CONM2, 17, 17, , 0.097
CONM2, 18, 18, , 0.097
CONM2, 19, 19, , 0.046
CONM2, 21, 21, , 2.141
CONM2, 22, 22, , 2.141
CONM2, 23, 23, , 2.141
CONM2, 24, 24, , 2.141
CONM2, 26, 26, , 2.855
CONM2, 27, 27, , 2.855
CONM2, 28, 28, ,1.428

CONM2, 29, 29, ,1.428
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Attachment 2
Rectangular Wing Finite Element Bulk Data

$

$ Coordinates for Rectangular Wing Box (inches)
$

GRDSET 456
GRID 1 10.0 60.0 0.50
GRID 2 10.0 60.0 -0.50
GRID 3 20.0 60.0 0.50
GRID 4 20.0 60.0 -0.50
GRID 5 30.0 60.0 0.50
GRID 6 30.0 60.0 -0.50
GRID 7 10.0 30.0 0.50
GRID 8 10.0 30.0 -0.50
GRID 9 20.0 30.0 0.50
GRID 10 20.0 30.0 -0.50
GRID 11 30.0 30.0 0.50
GRID 12 30.0 30.0 -0.50
GRID 13 10.0 0.0 0.50
GRID 14 10.0 0.0 -0.50
GRID 15 20.0 0.0 0.50
GRID 16 20.0 0.0 -0.50
GRID 17 30.0 0.0 0.50
GRID 18 30.0 0.0 -0.50
$ Aerodynamic Reference Point
GRID 20 20.0 0.0 0.0 126
$
$ Rigid Connection to Fuselage
$
$ Root connection chordwise
MPC, 100, 13, 1, -1.0, 20, 1, 1.0, , , 20, 5, 0.5
MPC, 100, 14, 1, -1.0, 20, 1, 1.0, , , 20, 5, -0.5
MPC, 100, 15, 1, -1.0, 20, 1, 1.0, , , 20, 5, 0.5
MPC, 100, 16, 1, -1.0, 20, 1, 1.0, , , 20, 5, -0.5
MPC, 100, 17, 1, -1.0, 20, 1, 1.0, , , 20, 5, 0.5
MPC, 100, 18, 1, -1.0, 20, 1, 1.0, , , 20, 5, -0.5
$ Root connection spanwise
MPC, 100, 13, 2, -1.0, 20, 2, 1.0, , , 20, 4, -0.5
MPC, 100, 14, 2, -1.0, 20, 2, 1.0, , , 20, 4, 0.5
MPC, 100, 15, 2, -1.0, 20, 2, 1.0, , , 20, 4, -0.5
MPC, 100, 16, 2, -1.0, 20, 2, 1.0, , , 20, 4, 0.5
MPC, 100, 17, 2, -1.0, 20, 2, 1.0, , , 20, 4, -0.5
MPC, 100, 18, 2, -1.0, 20, 2, 1.0, , , 20, 4, 0.5
$ Root connection veritically
MPC, 100, 13, 3, -1.0, 20, 3, 1.0, , , 20, 5, 10.0
MPC, 100, 14, 3, -1.0, 20, 3, 1.0, , , 20, 5, 10.0
MPC, 100, 15, 3, -1.0, 20, 3, 1.0
MPC, 100, 16, 3, -1.0, 20, 3, 1.0
MPC, 100, 17, 3, -1.0, 20, 3, 1.0, , , 20, 5, -10.0
MPC, 100, 18, 3, -1.0, 20, 3, 1.0, , , 20, 5, -10.0
$
$ Top Skins
$
CQDMEM1 10001 10001 1 3 9 7 0.0
CQDMEM1 10002 10001 3 5 11 9 0.0
CQDMEMI 10003 10002 7 9 15 13 0.0
CQDMEMI 10004 10002 9 11 17 15 0.0
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PQDMEM1 10001 2 0.2000
PQDMEM1 10002 2 0.2000
$

$ Bottom Skins
$

CQDMEM1 20001 20001 2 4 10 8 0.0
CQDMEM1 20002 20001 4 6 12 10 0.0
CQDMEMI 20003 20002 8 10 16 14 0.0
CQDMEM1 20004 20002 10 12 18 16 0.0
PQDMEM1 20001 2 0.2000
PQDMEM1 20002 2 0.2000
$
$ Spars
$

CSHEAR 30001 30001 1 2 8 7
CSHEAR 30002 30001 3 4 10 9
CSHEAR 30003 30001 5 6 12 11
CSHEAR 30004 30001 7 8 14 13
CSHEAR 30005 30001 9 10 16 15
CSHEAR 30006 30001 11 12 18 17
PSHEAR 30001 1 0.0500 0.0
$

$ Ribs

$
CSHEAR 40001 40001 1 3 4 2
CSHEAR 40002 40001 3 5 6 4

CSHEAR 40003 40001 7 9 10 8
CSHEAR 40004 40001 9 11 12 10
CSHEAR 40005 40001 13 15 16 14
CSHEAR 40006 40001 15 17 18 16
PSHEAR 40001 1 0.0500 0.0
$
$ Posts

$
CROD 50001 50001 1 2
CROD 50002 50001 3 4
CROD 50003 50001 5 6
CROD 50004 50001 7 8
CROD 50005 50001 9 10
CROD 50006 50001 13 12
CROD 50007 50001 13 14
CROD 50008 50001 15 16
CROD 50009 50001 17 18

PROD 50001 1 0.01 0.00 0.000 0.000
$
$ Materials
$

MAT1 1 10.OE+6 0.30 0.10
+MT 1
+MT1 20.OE+3 15.OE+3 12.OE+3
MAT1 2 10.OE+6 0.30 0.10
+MT2
+MT2 20.OE+3 15.OE+3 12.OE+3
$
$ Fuselage Mass
$
CONM2, 1, 20, , 200.0, -10.0, 0.0, 0.0, , +CONM
+CONM, , , 22500., , , 22500.
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$ Weight to Mass Conversion (for densities and lumped masses)

CONVERT, MASS, 0.00259

Rclangular Wing bulk data 42Attachment 2



Attachment 3
Cantilevered Plate Finite Element Bulk Data

$

$ 15 DEGREE SWEPT, UNTAPERED WING. (SEE NACA RM L55EII FOR A
$ DESCRIPTION OF THE MODEL) THE STRUCTURE IS MODELLED USING
$ 15 CQUAD4 ELEMENTS IN A 3 X 15 ELEMENT GRID. 24 GRID POINTS
$ ARE REQUIRED TO DEFINE THE CORNERS OF THE BENDING ELEMENTS.
$
$ M=.45 EXPERIMENTAL RESULTS: FLUTTER VEL = 495 FPS (5940
IN/SEC)
$ FLUTTER FREQ = 120 HZ
$
GRID 1 0.000 0.000 0.000 123456
GRID 2 0.690 0.000 0.000 123456
GRID 3 1.380 0.000 0.000 123456
GRID 4 2.070 0.000 0.000 123456

$
GRID 5 0.296 1.104 0.000
GRID 6 0.986 1.104 0.000

GRID 7 1.676 1.104 0.000
GRID 8 2.366 1.104 0.000
$
GRID 9 0.592 2.208 0.000
GRID 10 1.282 2.208 0.000
GRID 11 1.972 2.208 0.00O
GRID 12 2.662 2.208 0.000
$

GRID 13 0.888 3.312 0.000
GRID 14 1.578 3.312 0.000
GRID 15 2.268 3.312 0.000
GRID 16 2.958 3.312 0.000
$
GRID 17 1.184 4.416 0.000
GRID 18 1.874 4.416 0.000
GRID 19 2.564 4.416 0.000

GRID 20 3.254 4.416 0.000
$
GRID 21 1.480 5.520 0.000
GRID 22 2.170 5.520 0.000
GRID 23 2.860 5.520 0.000
GRID 24 3.550 5.520 0.000
$
CQUAD4 101 100 1 2 6 5
CQUAD4 102 100 2 3 7 6
CQUAD4 103 100 3 4 8 7
CQUAD4 104 100 5 6 10 9
CQUAD4 105 100 6 7 11 10
CQUAD4 106 100 7 8 12 11
CQUAD4 107 100 9 10 14 13
CQUAD4 108 100 10 11 15 14
CQUAD4 109 100 11 12 16 15
CQUAD4 110 100 13 14 18 17
CQUAD4 ill 100 14 15 19 18
CQUAD4 112 100 15 16 20 19
CQUAD4 113 100 17 18 22 21
CQUAD4 114 100 18 19 23 22
CQUAD4 115 100 19 20 24 23
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Attachment 4
Swept Wing Finite Element Bulk Data

$

$ SWEPT WING MODEL FROM
$ "A ROOT LOCUS BASED FLUTTER SYNTHESIS PROCEDURE" BY

$ P. HAJELA STANFORD U.
$ WITH A FLUTTER CONSTRAINT AT SEA LEVEL FOR M=0.80

$ STRESS CONSTRAINTS UNDER A 4 G STATIC AIR LOAD AT
$ 25000 FT. (M = 1.25) AND A 1.5 HZ LOW. BOUND FREQ. CONSTRNT.
$
GRID 1 0.0 0.0 10.039
GRID 2 0.0 0.0 -10.039
GRID 3 72.8345 0.0 10.039
GRID 4 72.8345 0.0 -10.039
GRID 5 145.6690 0.0 10.039

GRID 6 14586690 0.0 -10 039
GRID 7 53.4758 116.667 9.3502
GRID 8 53.4758 116.667 -9.3502
GRID 9 121.1590 116.667 9.3502
GRID 10 121.1590 116.667 -9.3502
GRID 12 188.8430 116.667 9.3502
GRID 12 188.8430 116.667 -9.3502
GRID 13 106.9520 233.333 8.6613
GRID 14 106.9520 233.333 -8.6613
GRID 15 169.4840 233.333 8.6613
GRID 16 169.4840 233.333 -8.6613
GRID 17 232.0170 233.333 8.6613

GRID 1 232.0170 233.333 -8.6613
GRID 20 160.4280 350.0 7.9724

GRID 20 160.4280 350.0 -7.9724
GRID 21 217.8090 350.0 7.9724
GRID 22 217.8090 350.0 -7.9724
GRID 23 275.1910 350.0 7.9724
GRID 24 275.1910 350.0 -7.9724

GRID 25 213.9030 466.667 7.2834
GRID 26 213.9030 466.667 -7.2834
GRID 27 266.1340 466.667 7.2834
GRID 28 266.1340 466.667 -7.2834
GRID 29 318.3650 466.667 7.2834
GRID 30 318.3650 466.667 -7.2834
GRID 31 267.3780 583.333 6.5945
GRID 32 267.3780 583.333 -6.5945
GRID 33 314.4590 583.333 6.5945
GRID 34 314.4590 583.333 -6.5945
GRID 35 361.5390 583.333 6.5945
GRID 36 361.5390 583.333 -6.5945
GRID 37 320.8550 700.0 5.9055
GRID 38 320.8550 700.0 -5.9055
GRID 39 362.7840 700.0 5.9055
GRID 40 362.7840 700.0 -5.9055

GRID 41 404.7130 700.0 5.9055
GRID 42 404.7130 700.0 -5.9055
GRID 43 290.7840 700.0 0.0
GRID 44 434.7830 700.0 0.0

GRID 45 72.8345 0.0 0.0
$
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$ BOUNDARY CONDITION 1
$
MPC, 101, 43, 1, -4.0, 37, 1, 1.0, , MPC4311
+PC4311, 38, 1, 1.0, 39, 1, 1.0, , MPC4312

+PC4312, 40, 1, 1.0
MPC, 101, 44, 1, -4.0, 39, 1, 1.0, , MPC4411
+PC4411, 40, 1, 1.0, 41, 1, 1.0, , MPC4412
+PC4412, 42, 1, 1.0
MPC, 101, 43, 2, -4.0, 37, 2, 1.0, , MPC4321
+PC4321, 38, 2, 1.0, 39, 2, 1.0, , MPC4322
+PC4322, 40, 2, 1.0
MPC, 101, 44, 2, -4.0, 39, 2, 1.0, , MPC4421
+PC4421, 40, 2, 1.0, 41, 2, 1.0, , MPC4422
+PC4422, 42, 2, 1.0
MPC, 101, 43, 3, -1.0, 37, 3, 0.85859, , MPC4331
+PC4331, 38, 3, 0.85859, 39, 3,-0.35859, , MPC4332
+PC4332, 40, 3, -0.35859
MPC, 101, 44, 3, -1.0, 39, 3,-0.35859, , MPC4431
+PC4431, 40, 3, -0.35859, 41, 3, 0.85859, , MPC4432
+PC4432, 42, 3, 0.85859
SPC1, 10, 123456, 1, THRU, 6, 45
SPC1, 10, 456, 7, THRU, 44
ASETI, 100, 3, 7, 9, 11, 13, 15, 17, ASETA
+SETA, 19, 21, 23, 25, 27, 29, 31, 33, ASETB
+SETB, 35, 37, 39, 41
$
$ BOUNDARY CONDITION 2
$

MPCADD, 2101, 101, 201
MPC, 201, 3, 1, 1.0, 45, 5, -10.04
MPC, 201, 3, 3, 1.0, 45, 3, -1.0
MPC, 201, 4, 1, 1.0, 45, 5, 10.04
MPC, 201, 4, 3, 1.0, 45, 3, -1.0
SPCI, 110, 1246, 45
SPCI, 110, 2456, 1, THRU, 6
SPCI, 110, 456, 7, THRU, 44
ASETI, 1100, 3, 7, 9, 11, 13, 15, 17, ASETA
+SETA, 19, 21, 23, 25, 27, 29, 31, 33, ASETB
+SETB, 35, 37, 39, 41, 45, 1, 5
ASETI, 1100, 5, 45
SUPORT, 1, 45, 35
$
$ UPPER AND LOWER SKINS 100 - UPPER, 200 - LOWER
$
CQDMEM1 101 1004 1 7 9 3
CQDMEM1 201 1004 2 8 10 4
CQDMEMI 102 1004 3 9 11 5
CQDMEMI 202 1004 4 10 12 6
CQDMEMI 103 1004 7 13 15 9
CQDMEM1 203 1004 8 14 16 10
CQDMEMI 104 1004 9 15 17 11
CQDMEM1 204 1004 10 16 18 12
CQDMEM1 105 1005 13 19 21 15
CQDMEM1 205 1005 14 20 22 16
CQDMEM1 106 1005 15 21 23 17
CQDMEMI 206 1005 16 22 24 18
CQDMEMI 107 1005 19 25 27 21
CQDMEM1 207 1005 20 26 28 22
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CQDMEMI 108 1005 21 27 29 23
CQDMEMI 208 1005 22 28 30 24
CQDMEMI 109 1006 25 31 33 27
CQDMEMI 209 1006 26 32 34 28

CQDMEmI 110 1006 27 33 35 29
CQDMEMI 210 1006 28 34 36 30
CQDMEMI ill 1006 31 37 39 33
CQDMEMI 211 1006 32 38 40 34
CQDMEM1 112 1006 33 39 41 35
CQDMEMI 212 1006 34 40 42 36

$ MODEL SUB STRUCTURE
$ SHEAR PANELS: 300 - LE, 350 - MID, 400 - TE, 500 - CHORDWISE

AXIAL RODS: 600 - INBOARD 2 BAYS
$ 700 - MID SPAN 2 BAYS
$ 800 - OUTBOARD 2 BAYS
$

CSHEAR 301 2007 1 2 8 7
CSHEAR 351 2007 3 4 10 9
CSHEAR 401 2007 5 6 12 11
CSHEAR 302 2007 7 8 14 13
CSHEAR 352 2007 9 10 16 15
CSHEAR 402 2007 11 12 18 17
CSHEAR 303 2008 13 14 20 19
CSHEAR 353 2008 15 16 22 21
CSHEAR 403 2008 17 18 24 23
CSHEAR 304 2008 19 20 26 25
CSHEAR 354 2008 21 22 28 27
CSHEAR 404 2008 23 24 30 29
CSHEAR 305 2009 25 26 32 31
CSHEAR 355 2009 27 28 34 33
CSHEAR 405 2009 29 30 36 35
CSHEAR 306 2009 31 32 38 37
CSHEAR 356 2009 33 34 40 39
CSHEAR 406 2009 35 36 42 41
CSHEAR 501 2010 7 8 10 9
CSHEAR 502 2010 9 10 12 11
CSHEAR 503 2010 13 14 16 15
CSHEAR 504 2010 15 16 18 17
CSHEAR 505 2011 19 20 22 21
CSHEAR 506 2011 21 22 24 23
CSHEAR 507 2011 25 26 28 27
CSHEAR 508 2011 27 28 30 29
CSHEAR 509 2012 31 32 34 33
CSHEAR 510 z012 33 34 36 35
CSHEAR 511 2012 37 38 40 39
CSHEAR 512 2012 39 40 42 41
CSHEAP 513 2010 1 2 4 3
CSHEAR 514 2010 3 4 6 5
$
CONROD 1201 1 2 90 0.3
CONROD 1202 3 4 90 0.3
CONROD 1203 5 6 90 0.3

CONROD 1301 7 8 90 0.3
CONROD 1302 13 14 90 0.3
CONROD 1303 19 20 90 0.3
CONROD 1304 25 26 90 0.3
CONROD 1305 31 32 90 0.3
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CONROD 1306 37 38 90 0.3
CONROD 1401 9 10 90 0.3
CONROD 1402 15 16 90 0.3
CONROD 1403 21 22 90 0.3
CONROD 1404 27 28 90 0.3
CONROD 1405 33 34 90 0.3
CONROD 1406 39 40 90 0.3
CONROD 1501 11 12 90 0.3
CONROD 1502 17 18 90 0.3
CONROD 1503 23 24 90 0.3
CONROD 1504 29 30 90 0.3
CONROD 1505 35 36 90 0.3
CONROD 1506 41 42 90 0.3
CROD 601 6001 1 7
CROD 602 6001 2 8
CROD 603 6001 3 9
CROD 604 6001 4 10
CROD 605 6001 5 11
CROD 606 6001 6 12
CROD 607 6001 7 13
CROD 608 6001 8 14
CROD 609 6001 9 15
CROD 610 6001 10 16
CROD 611 6001 11 17
CROD 612 6001 12 18
CROD 701 7002 13 19
CROD 702 7002 14 20
CROD 703 7002 15 21
CROD 704 7002 16 22
CROD 705 7002 17 23
CROD 706 7002 18 24
CROD 707 7002 19 25
CROD 708 7002 20 26
CROD 709 7002 21 27
CROD 710 7002 22 28
CROD 711 7002 23 29
CROD 712 7002 24 30
CROD 801 8003 25 31
CROD 802 8003 26 32
CROD 803 8003 27 33
CROD 804 8003 28 34
CROD 805 8003 29 35
CROD 806 8003 30 36
CROD 807 8003 31 37
CROD 808 8003 32 38
CROD 809 8003 33 39
CROD 810 8003 34 40
CROD 811 8003 35 41
CROD 812 8003 36 42
$
CONM2 50001 7 20.0
CONM2 50002 8 20.0
CONM2 50003 9 20.0
CONM2 50004 10 20.0
CONM2 50005 11 20.0
CONM2 50006 12 20.0
CONM2 50007 13 20.0
CONM2 50008 14 20.0
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CONM2 50009 15 20.0

CONM2 50010 16 20.0

CONM2 50011 17 20.0
CONM2 50012 18 20.0
CONM2 50013 19 20.0
CONM2 50014 20 20.0
CONM2 50015 21 20.0
CONM2 50016 22 20.0
CONM2 50017 23 20.0
CONM2 50018 24 20.0
CONM2 50019 25 20.0
CONM2 50020 26 20.0
CONM2 50021 27 20.0
CONM2 50022 28 20.0
CONM2 50023 29 20.0
CONM2 50024 30 20.0
CONM2 50025 31 20.0
CONM2 50026 32 20.0
CONM2 50027 33 20.0
CONM2 50028 34 20.0
CONM2 50029 35 20.0
CONM2 50030 36 20.0
CONM2 50031 37 40.0
CONM2 50032 38 40.0
CONM2 50033 39 40.0
CONM2 50034 40 40.0
CONM2 50035 41 40.0
CONM2 50036 42 40.0
CONM2 50037 43 40.0
CONM2 50038 44 40.0
$

$ TRIM WEIGHT AT ROOT 1/4 CHORD INCLUDING ROTATIONAL INERTIA
$
CONM2, 51001, 45, , 30000.0, -36.0, , , , +CM01
+CM01, , , 3.6E9

$
PQDMEM1, 1004, 91, 0.04
PQDMEM1, 1005, 91, 0.04
PQDMEMI, 1006, 91, 0.04
$
PSHEAR, 2007, 90, 0.04
PSHEAR, 2008, 90, 0.04
PSHEAR, 2009, 90, 0.04
PSHEAR, 2010, 90, 0.04
PSHEAR, 2011, 90, 0.04
PSHEAR, 2012, 90, 0.04

$
PROD, 6001, 90, 1.0
PROD, 7002, 90, 1.0
PROD, 8003, 90, 1.0
$
$ Material properties
$
MAT1, 90, 10.E6, , 0.3, 0.1
MAT1, 91, 10.E6, , 0.3, 0.1, , , , ABC
+BC, 60000.0, 50000.0, 30000.0
$
CONVERT, MASS, 2.588E-3
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Attachment 5
Plane Frame Finite Element Bulk Data

GRDSET, , , , , , , 345
GRID, 1, , 0., 1200., 0.
GRID, 2, , 180.,1200., 0.
GRID, 3, , 360.,1200., 0.
GRID, 4, , 0.,1080., 0.GRID, 5, , 180.,1080., 0.
GRID, 6, , 360.,1080., 0.
GRID, 7, , 0.,960., 0.
GRID, 8, , 180.,960., 0.
GRID, 9, , 360.,960., 0.
GRID, 0, , 0.,840., 0.
GRID,1 , , 180.,840., 0.
GRID,12, , 360.,840., 0.
GRID,13, , 0.,720., 0.
GRID,14, , 180.,720., 0.

GRID,15, , 360.,720., 0.
GRID,16, , 0.,600., 0.
GRID,17, , 180.,600., 0.
GRID,18, , 360.,600., 0.
GRID,19, , 0.,480., 0.
GRID,20, , 180.,480., 0.
GRID,21, , 360.,480., 0.
GRID,22, , 0.,360., 0.
GRID,23, , 180.,360., 0.
GRID,24, , 360.,360., 0.
GRID,25, , 0.,240., 0.
GRID,26, , 180.,240., 0.
GRID,27, , 360.,240., 0.
GRID,28, , 0.,120., 0.
GRID,29, , 180.,120., 0.
GRID,30, , 360.,120., 0.

GRID,31, , 0., 0., 0.
GRID,32, , 360., 0., 0.
BAROR, , , , , 0., 0., 1.
CBAR, 1, 1, 1, 2, , , ,1000.
CBAR, 2, 1, 2, 3, , , , 1000.
CBAR, 3, 1, 4, 5, , , , 1000.
CBAR, 4, 1, 5, 6, , , ,1000.
CBAR, 5, 1, 7, 8, , , ,1000.
CBAR, 6, 1, 8, 9, , , , 1000.
CBAR, 7, 1, 10, 11, , , ,1000.
CBAR, 8, 1, 11, 12, , , ,1000.
CBAR, 9, 1, 13, 14, , , ,1000.
CBAR,10, 1, 14, 15, , , , 1000.
CBAR,11, 1, 16, 17, , , , 1000.
CBAR,12, 1, 17, 18, , , , 1000.
CBAR,13, 1, 19, 20, , , ,1000.
CBAR,14, 1, 20, 21, , , ,1000.
CBAR,15, 1, 22, 23, , , ,1000.
CBAR,16, 1, 23, 24, , , ,1000.
CBAR,17, 1, 25, 26, , , ,1000.
CBAR,18, 1, 26, 27, , , , 1000.
CBAR,19, 1, 28, 29, , , ,1000.
CBAR,20, 1, 29, 30, , , 1000.
CRAR,21, 1, 1, 4, , , , 000.
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CBAR, 22, 1, 3, 6, , , .1000.

CBAR,23, 1, 4, 7, , , 1000.
CBAR,24, 1, 6, 9, , , ,1000.
CBAR,25, 1, 7, 10, , , , 1000.
CBAR,26, 1, 9, 12, , , .1000.

CBAR,27, 1, 10, 13, , , 1000.
CBAR,28, 1, 12, 15, , , , 1000.
CBAR,29, 1, 13, 16, , , 1000.
-RAR,30, 1, 15, 18, , , 11000.
-BAR,31, 1, 16, 19, , , 1000.

CBAR,32, 1, 18, 21, , , f1000.

CBAR,33, 1, 19, 22, , , 1000.
CBAR,34, 1, 21, 24, , , .1000,

CBAR,35, 1, 22, 25, , , 1000.
CBAR,36, 1, 24, 27, , , 1000.
CBAR,37, 1, 25, 28, , , f1000.

CBAR,38, 1, 27, 30, , , 1000.
CBAR,39, 1, 28, 31, , , f1000.

CBAR,40, 1, 30, 32, , , 11000.
FORCE, 1, 1, f 1000., 0., -6., 0.
FORCE, 1, 2, , 1000., 0., -24., 0.
FORCE, 1, 3, , 1000., 0., -6., 0.
FORCE, 1, 4, , 1000., 0., -12., 0.
FORCE, 1, 5, , 1000., 0., -48., 0.
FORCE, 1, 6, , 1000., 0., -12., 0.
FORCE, 1, 7, , 1000., 0., -12., 0.
FORCE, 1, 8, , 1000., 0., -48., 0.
FORCE, 1, 9, , 1000., 0., -12., 0.
FORCE, 1,10, , 1000., 0., -12., 0.
FORCE, 1,11, , 1000., 0., -48., 0.
FORCE, 1,12, , 1000., 0., -12., 0.
FORCE, 1,13, , 1000., 0., -12., 0.
FORCE, 1,14, , 1000., 0., -48., 0.
FORCE, 1,15, , 1000., 0., -12., 0.
FORCE, 1,16, , 1000., 0., -12., 0.
FORCE, 1,17, , 1000., 0., -48., 0.
FORCE, 1,18, , 1000., 0., -12., 0.
FORCE, 1,19, , 1000., 0., -12., 0.
FORCE, 1,20, , 1000., 0., -48., 0.
FORCE, 1,21, , 1000., 0., -12., 0.
FORCE, 1,22, 1 1000., 0., -12., 0.
FORCE, 1,23, , 1000., 0., -48., 0.
FORCE, 1,24, , 1000., 0., -12., 0.
FORCE, 1,25, , 1000., 0., -12., 0.
FORCE, 1,26, , 1000., 0., -48., 0.
FORCE, 1,27, , 1000., 0., -12., 0.
FORCE, 1,28, , 1000., 0., -12., 0.
FORCE, 1,29, , 1000., 0., -48., 0.
FORCE, 1,30, , 1000., 0., -12., 0.
FORCE, 2, 1, , 1000., 0., -4.5, 0.
FORCE, 2, 2, , 1000., 0., -18., 0.
FORCE, 2, 3, , 1000., 0., -4.5, 0.
FORCE, 2, 4, , 1000., 0., -9., 0.
FORCE, 2, 5, , 1000., 0., -36., 0.
FORCE, 2, 6, , 1000., 0., -9., 0.
FORCE, 2, 7, , 1000., 0., -9., 0.
FORCE, 2, 8, , 1000., 0., -36., 0.
FORCE, 2, 9, , 1000., 0., -9., 0.
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FORCE, 2,10, , 1000., 0., -9., 0.
FORCE, 2,11, , 1000., 0., -36., 0.
FORCE, 2,12, , 1000., 0., -9., 0.
FORCE, 2,13, , 1000., 0., -9., 0.
FORCE, 2,14, , 1000., 0., -36., 0.
FORCE, 2,15, , 1000., 0., -9., 0.
FORCE, 2,16, , 1000., 0., -9., 0.
FORCE, 2,17, , 1000., 0., -36., 0.
FORCE, 2,18, , 1000., 0., -9., 0.
FORCE, 2,19, , 1000., 0., -9., 0.
FORCE, 2,20, , 1000., 0., -36., 0.
FORCE, 2,21, , 1000., 0., -9., 0.
FORCE, 2,22, , 1000., 0., -9., 0.
FORCE, 2,23, , 1000., 0., -36., 0.
FORCE, 2,24, , 1100., 0., -q., 0.

FORCE, 2,25, , 1000., 0., -9., 0.
FORCE, 2,26, , 1000., 0., -36., 0.
FORCE, 2,27, , 1000., 0., -9., 0.
FORCE, 2,28, , ]'00., 0., -9., 0.
FORCE, 2,29, , 1000., 0., -36., 0.
FORCE, 2,30, , 1000., 0., -9., 0.
FORCE, 2, 1, , 1000., 3.18, 0., 0.
FORCE, 2, 4, , 1000., 6.23, 0., 0.
FORCE, 2, 7, , 1000., 6.08, 0., 0.
FORCE, 2,10, , 1000., 5.92, 0., 0.
FORCE, 2,13, , 1000., 5.74, 0., 0.
FORCE, 2,16, , 1000., 5.54, 0., 0.
FORCE, 2,19, , 1000., 5.30, 0., 0.
FORCE, 2,22, , 1000., 5.00, 0., 0.
FORCE, 2,25, , 1000., 4.61, 0., 0.
FORCE, 2,28, , 1000., 4.00, 0., 0.
FORCE, 3, 1, , 1000., 0., -4.5, 0.
FORCE, 3, 2, , 1000., 0., -18., 0.
FORCE, 3, 3, , 1000., 0., -4.5, 0.
FORCE, 3, 4, , 1000., 0., -9., 0.
FORCE, 3, 5, , 1000., 0., -36., 0.
FORCE, 3, 6, , 1000., 0., -9., 0.
FORCE, 3, 7, , 1000., 0., -9., 0.
FORCE, 3, 8, , 1000., 0., -36., 0.
FORCE, 3, 9, , 1000., 0., -9., 0.
FORCE, 3,10, , 1000., 0., -9., 0.
FORCE, 3,11, , 1000., 0., -36., 0.
FORCE, 3,12, , 1000., 0., -9., 0.
FORCE, 3,13, , 1000., 0., -9., 0.
FORCE, 3,14, , 1000., 0., -36., 0.
FORCE, 3,15, , 1000., 0., -9., 0.
FORCE, 3,16, , 1000., 0., -9., 0.
FORCE, 3,17, , 1000., 0., -36., 0.
FORCE, 3,18, , 1000., 0., -9., 0.
FORCE, 3,19, , 1000., 0., -9., 0.
FORCE, 3,20, , 1000., 0., -36., 0.
FORCE, 3,21, , 1000., 0., -9., 0.
FORCE, 3,22, , 1000., 0., -9., 0.
FORCE, 3,23, , 1000., 0., -36., 0.
FORCE, 3,24, , 1000., 0., -9., 0.
FORCE, 3,25, , 1000., 0., -9., 0.
FORCE, 3,26, , 1000., 0., -36., 0.
FORCE, 3,27, , 1000., 0., -9., 0.
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FORCE, 3,28, ,1000., 0., -9., 0.

FORCE, 3,29, ,1000., 0., -36., 0.

FORCE, 3,30, , 100., 0., -9., 0.

FORCE, 3, 3, , 100., -3.18, 0., 0.

FORCE, 3, 6, , 1000., -6.23, 0., 0.

FORCE, 3, 9, , 100., -6.08, 0., 0.

FORCE, 3,12, ,1000., -5.92, 0., 0.

FORCE, 3,15, ,1000., -5.74, 0., 0.

FORCE, 3,18, ,1000., -5.54, 0., 0.

FORCE, 3,21, ,1000., -5.30, 0., 0.

FORCE, 3,24, ,1000., -5.00, 0., 0.

FORCE, 3,27, , 1000., -4.61, 0., 0.

FORCE, 3,30, , 1000., -4.00, 0., 0.

Spc1, 6, 126, 31, 32

MATI, 1, 29.±6, , 0.3, 0.283, , ,-MAT1

iMA'Pi , 41. I3, '4 .13, '4. I
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